Abstract. Osteoarthritis (OA) of hand is a common disease, resulting in disability of the hands. The pathogenesis of hand (H) OA remains to be elucidated, and findings from knee and hip joints cannot be simply applied to HOA. To improve knowledge on the specific biology and pathobiology of HOA, the present study performed bioinformatics analyses to analyze the long non-coding (lnc) RNA expression profile in human chondrocytes of proximal interphalangeal (PIP) finger joints and knee joints. Gene expression data were downloaded from the Gene Expression Omnibus database, and PIP and knee chondrocytes were analyzed (n=3/group). Probes of the Affymetrix Human Gene 2.0 ST Microarray were annotated to obtain information about lncRNA expression profile. Compared with chondrocytes from knee joints, chondrocytes derived from PIP joints had significantly different lncRNA expression profiles, and 1,172 lncRNAs were differentially expressed. Compared with chondrocyte from knee joints, 534 lncRNAs were upregulated and 638 lncRNAs were downregulated in chondrocytes from PIP joints. A co-expression network was constructed to analyze the correlation between lncRNAs and protein-coding genes. Function annotation analyses suggested that protein-coding genes that are co-expressed with lncRNAs are enriched in the biological processes of bone morphogenesis, bone development and cartilage development. In conclusion, the present study demonstrated that chondrocytes derived from PIP joints exhibit a significant difference in lncRNA expression compared with chondrocytes derived from knee joints.
Introduction
Osteoarthritis (OA) is a comment disease that affects many major joints including the hip, spine, knee and the hand (1, 2) . OA leads to severe functional and emotional burdens to patients and causes heavy economic burdens (3) . Hand osteoarthritis (HOA) is one of the most common kinds of OA and HOA is a leading cause of disability of the hands. The incidence of HOA is ~20% in people aged 65 or older (4) .
HOA is considered as a primarily degenerative process with inflammation (5) , and degradation of articular cartilage is the hallmark of HOA. The cartilage degradation process of the knee and hip joints has been well investigated using animal models or human chondrocyte culture. However, the molecular mechanism of HOA is largely unknown. Limited by different anatomical shapes and mechanical requirements, findings from knee or hip joints cannot be simply applied to other joints. For HOA, Stradner et al (6) successfully established a chondrocyte culture of proximal interphalangeal (PIP) cartilage, and demonstrated that chondrocytes from PIP and knee joints have distinct expression patterns of protein-coding genes.
Previous evidence has indicated that non-coding RNAs serve important roles in various biological processes including carcinogenesis, cell differentiation, metabolism, and immunity responses (7) (8) (9) (10) (11) (12) . Long non-coding RNA (lncRNA) is a kind of non-coding RNA transcript, which is >200 nt long and does not encode proteins (7) . Researchers have demonstrated that lncRNAs are involved in regulating the expression levels of various factors involved in the pathological process of OA, including maternally expressed 3 (13), imprinted maternally expressed transcript (14) and HOX transcript antisense RNA (15) . However, the lncRNA expression profile from hip and knee joints cannot be simply applied to HOA, and the expression pattern of lncRNA in HOA remains unknown. Therefore, the present study performed a bioinformatics analysis to systematically analyze lncRNA expression profile in the human cartilage of the PIP finger joints by annotation of microarray data to improve the understanding about the pathology of HOA.
Materials and methods
Dataset selection. The gene expression data used in the current study was obtained from the publicly available Gene Expression Omnibus (GEO) database (www.ncbi.nlm.nih. gov/geo/). This GSE68038 dataset was identified and analyzed, Annotation of lncRNA probes. To identify probe sets that target lncRNA transcripts, the BioMart data portal (www.biomart.org/) was used to download annotations of lncRNA probes. Following this, the probe sets were filtered according to Ensemble transcript type, and transcripts with 'antisense', 'processed_transcripts', 'lincRNA', 'non_sense_ mediated_decay', 'sense intronic' and 'sense overlapping' were selected as lncRNA (18, 19) . After creation of annotation file, the differentially probe sets were matched and annotated.
Co-expression network construction. The co-expression network of lncRNA protein-coding genes was built to identify the interactions between coding genes and lncRNA (20) . Differentially expressed lncRNAs and protein-coding genes with P<0.01 were used to construct the co-expression network, and the normalized expression values were retrieved. For each pair of coding gene-lncRNA, coding-coding genes or lncRNA-lncRNA, the P value of Pearson correlation and significant correlation pairs (P<0.05) were used to construct the network (21) . Cytoscape software v3.3.0 was utilized to visualize the co-expression network (www.cytoscape.org/).
Functional enrichment analysis.
The gene functional enrichment analysis was performed by the Database for Annotation, Visualization and Integrated Discovery online tools (http://david.ncifcrf.gov/) (22) . P<0.05 and false discovery rate<0.05 was considered as significant enrichment.
Results
Gene expression profiles of chondrocytes were analyzed with Affymetrix Human Gene 2.0 ST Arrays. After annotation, ~18,000 probes mapped to lncRNAs were identified. According to the statistical threshold, 1,172 differentially expressed lncRNAs were identified. Compared with chondrocytes from knee joints, 534 lncRNAs were upregulated and 638 lncRNAs were downregulated in chondrocytes from PIP joints. The expression patterns of lncRNAs were different between chondrocytes from knee and PIP joints, and the top 100 differentially expressed lncRNAs are presented as a heat map ( Fig. 1) . As presented, a set of lncRNAs were significantly differentially expressed between PIP and knee joints. The detailed information of 20 most upregulated and downregulated lncRNAs are presented in Table I . Compared with knee joints chondrocyte, ENST00000451530 was mostly upregulated in chondrocytes from PIP, and ENST00000462445 was mostly downregulated. Co-expression networks of lncRNA and protein-coding genes may provide information to infer the biological function of lncRNA, as genes in the same signaling pathway or with the same function may have similar expression patterns. Additionally, co-expression networks have been widely used to predict the potential biological function of lncRNAs. Therefore, a co-expression network was built between lncRNA and protein-coding genes. As presented in Fig. 2A , lncRNAs and protein-coding genes are closely connected. In the co-expression network, RP11-6E9.4 (ENST00000508955) and RP11-713P17.3 (ENST00000529070) were 2 lncRNAs that co-expressed with >30 protein-coding genes. In addition, many inflammation-associated genes were co-expressed with these lncRNAs, including interleukin (IL)-7R, IL-19 and chemokine (C-C) motif ligand 1. On the other hand, several Wnt pathway genes, including Wnt5A, were also co-expressed with these lncRNAs.
Co-expression networks are a potential method to predict lncRNA function, as genes involved in the same biological 1.32E+08
1.32E+08 lincRNA processes are usually co-expressed. Therefore, a functional enrichment analyses for protein-coding genes in the co-expression network was performed to further predict their biological functions. As presented in Fig. 2C and D, gene ontology analyses demonstrated that these protein-coding genes were significantly associated with bone morphogenesis, bone development, skeletal system development and cartilage development, suggesting these protein-coding genes and lncRNAs may be involved in OA pathogenesis.
Discussion
Articular cartilage degradation is a hallmark of OA. Human chondrocyte culture has been extensively used to investigate the cartilage degradation of knee and hip joints. However, little is known is about the cartilage degradation in HOA, and findings from hip and knee joints cannot be simply applied to HOA due to different anatomical shapes and mechanical requirements between joints (23,24). The present study compared lncRNA expression profiles between chondrocytes from PIP and knee joints. The results demonstrated that chondrocytes from PIP and knee joints have different lncRNA expression patterns. Compared with chondrocytes from knee joints, 534 lncRNAs were upregulated and 638 lncRNAs were downregulated in chondrocytes from PIP joints. The different expression profile of lncRNA between chondrocyte from PIP and knee joints supported previous reports that lncRNA expression is highly temporally and specially specific (7) . Therefore, these differentially expressed lncRNAs in PIP joints may be involved in the biological function of chondrocytes, and the pathological process of HOA.
Previous research has investigated the lncRNA expression profile in patients with rheumatoid arthritis (25, 26) , and it was concluded that lncRNA may contribute to the pathogenesis of rheumatoid arthritis (26) . Compared with these studies in rheumatoid arthritis, lncRNA expression in HOA was analyzed with bioinformatics analyses, and the potential association between lncRNAs and coding genes was inferred. However, HOA and rheumatoid arthritis have different pathologies and clinical features; therefore, findings between the two cannot be easily compared.
Co-expression networks between lncRNA and proteincoding genes were constructed to infer the potential function of these lncRNAs. GO enrichment analyses demonstrated that protein-coding genes in the co-expression network are associated with many skeletal system-specific items, including bone, cartilage and skeletal system development. The results suggested that these lncRNAs were highly likely involved in these biological processes, and these lncRNAs may also serve important roles in the pathological process of HOA.
Subsequently, the present study demonstrated that RP11-6E9.4 (ENST00000508955) and RP11-713P17.3 (ENST00000529070) were co-expressed with the most protein-coding genes. Compared with chondrocytes from knee joints, RP11-6E9.4 and RP11-713P17.3 were significantly downregulated in PIP joints. In addition, we constructed a co-expression network of coding genes and lncRNAs and found RP11-6E9.4 and RP11-713P17.3 were co-expressed with several inflammation and cartilage specific genes, including Table I . Continued. collagen type I alpha I and transcription factor SOX9 (27) . Therefore, RP11-6E9.4 and RP11-713P17.3 are potentially involved in the pathogenesis of OA; however, further experiments are required to validate the functional roles of these lncRNAs.
The biological function and molecular mechanism have been widely investigated in various biological and pathological processes. To the best of our knowledge, there is currently no literature on the expression profile of HOA in lncRNA. However, the present study has several limitations. Firstly, this is only a bioinformatics analysis; thus, these findings should be further validated by laboratory experiments. Secondly, the sample sizes analyzed were small, which might limit the application of these findings.
In conclusion, the present study demonstrated that chondrocytes from PIP joints have different lncRNA expression profiles. 
